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1 Introduction

In RAN2#91 a number of agreements related to PRACH and RAR were made.  

In this contribution we discuss a number of open issues related to PRACH and RAR
2 Discussion

2.1 RAR

RAN1 has agreed that multiple UEs can be multiplexed in a single RAR message.  

It should be noted that the MAC RAR message per UE can take up to 56 bits.  That means that with a maximum size of 1000bits, up to 17 UEs can be multiplexed in one RAR message.   We think that this number can be acceptable.   

However, if this is not considered sufficient or if some optimizations on the content of the RAR are required (to reduce overhead), then given that the RAR for Rel-13 MTC UE won’t be multiplexed with the RAR for other UEs, a new RAR format could be used without any backward compatibility issue. 

If deemed necessary, a compact RAR may be used for Rel-13 MTC UE by removing unnecessary RAR field or downsizing some RAR fields based on the limited capability of the Rel-13 MTC UE. For example, the RAR message field includes uplink resource allocation such as RB assignment and MCS which may be optimized as the resource allocation will be limited to a contiguous 6 PRBs and the restricted modulation order and TBS could be used as well. 

Proposal 1 RAR contents could be optimized for MTC UE

The UE uses the UL grant received in the RAR to determine the transmission parameters of msg3.  In addition, to the usual transmission parameters, the UE also needs to determine the repetition level to use for msg3.  This can either be statically configured in the system information for each CE level, or it may be provided to the UE as part of the UL grant information in the RAR.  We think that the network should have the flexibility to control the repetition level of the UE in a more dynamic manner by including it in the RAR.

Proposal 2 The repetition level to be used for msg3 should be included in the UL grant in the RAR.  

For transmission of msg. 4 on the PDSCH, the repetition level used for the M-PDCCH scheduling the msg. 4 or the repetition level of the PDSCH (if not dynamically signalled in the DCI) needs to be known by the UE.  The network may include the repetition level in the RAR (e.g. the RAR includes the repetition level to be used for msg. 3 in the UL and subsequent msg. 4 by the network).  However, it is unclear what additional information (other than initial CE level picked by the UE to perform RACH) the eNB may have at this point to make a decision on the repetition level of msg. 4 and why the repetition level should be different than msg. 2.  Therefore, we think it may be simpler that the repetition level of msg. 4 is included in the SIB for each CE level.  The UE then based on the selected CE level for the RACH determines the repetition factor of msg. 4.   
Proposal 3 The repetition level of msg.4 is provided in the SIBs and is associated to a PRACH CE level
If the associated DL control channels for two or more RARs for multiple CE levels configured are transmitted in the same time/frequency location, a different RA-RNTI may need to be used for each CE level. The RA-RNTI for CE levels may be determined based on the time/frequency location of the PRACH resource associated with CE level. Since the repetition is used for PRACH preamble transmission, the first subframe within the PRACH repetition window may be used to determine the RA-RNTI.  
Proposal 4 RA-RNTI is determined based on the first subframe of the PRACH repetition window and a different RA-RNTI is used for each CE level

In order to avoid near-far impact within the same CE level due to a large received power difference, it has been agreed in RAN1 that a power ramping based on current PRACH power control equation is used except for the large repetition case. Therefore, an initial transmission power of a PRACH preamble transmission in each CE level should take the repetition into account, which may result in balanced received power from UEs in the same CE level. For example, an offset can be introduced to compensate the repetition number such as:

PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + DELTA_OFFSET + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep, 

where DELTA_OFFSET can be a predefined value for each repetition number.

Proposal 5 An offset which compensates the repetitions of PRACH preamble is used for initial PRACH transmission power.
2.2 Change of CE level in the UE
RAN2 has agreed, pending confirmation from RAN4 that the initial PRACH resource set are based on UE’s downlink measurement (e.g. the initial CE level is based on DL measurements).
After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network [3].  Based on measurements and other criteria the eNB may determine the required coverage level for the UE and semi-statically configure the UE with candidate repetition levels of the M-PDCCH (for the given CE level) and potentially repetition levels for the PUCCH.  The set of repetition numbers of the PDSCH may be semi-statically configured and using the DCI the network can dynamically vary the PDSCH repetitions within the semi-static configured set
However, the coverage level of the UE may dynamically change based on channel conditions and UE location.  In order to efficiently make use of the resources and properly reach the UE the eNB should be made aware of any changes that occur after initial access.

Observation 1 The CE state and levels in the UE may change dynamically depending on channel conditions and UE location.  It would be beneficial for the eNB to be made aware of changes that occur after initial access.
In order to determine mechanisms to notify the network, in this contribution we analyse two scenarios:

1) The UE changes to a worse coverage level after the initial access

2) The UE changes to a better coverage level  

If the UE changes to a worst coverage level, it will attempt to decode the M-PDCCH using the configured repetition level(s), however, may not be successful at decoding the control channel.   Additionally, if UL data arrives and the UE has to send a scheduling request, the semi-statically configured PUCCH repetition level may not be sufficiently high to reach the eNB.  

As a result of a coverage change, the UE may be in a situation where it cannot successfully transmit or receive any data.  This may eventually lead to a radio link failure, exceeded maximum allowed SR requests, and eventually a RRC re-establishment procedure may be triggered.  

Once the UE initiates a random access procedure (i.e. to transmit a RRC re-establishment), it can select the PRACH from the updated coverage level group and eventually regain connection to the eNB with the new coverage level.   Nonetheless, during this time the UE will be unreachable and a service interruption may occur.  Additionally, triggering a RRC re-establishment in this scenario may not be necessary as the UE could successfully keep the connection by being in a coverage enhanced mode.  If the network was aware of the changes it could re-configure the UE with the appropriate repetition levels.   In order to avoid unnecessary delays and service interruptions for such UEs, it would be beneficial to notify the network as soon as the UE determines that the configured coverage level has changed.   

Observation 2 To avoid service interruption and delays, the UE should notify the eNB as soon as a change in the coverage level is detected.   

The UE may notify the eNB by triggering a RA procedure upon detection of coverage level change.  Based on the PRACH used by the UE, the eNB will detect the change of UE coverage level and may adjust the repetition levels of other physical channels accordingly.  The other alternative, is to use a RRC message to notify the eNB, however as discussed above, the eNB may not be able to receive the message as the repetition levels are not adapted to the UE coverage level.  

Observation 3 When the UE changes to a worse coverage level the eNB can only determine the new coverage state upon a RA procedure.  RRC messages to notify the eNB are likely to fail. 

Changing to a better coverage state doesn’t have a significant impact to the UE.   The UE will still be able to communicate with the eNB, even though it may be using higher repetition levels than required.  From the eNB perspective, being aware of these changes would be beneficial to avoid unnecessary excessive repetition levels and waste of resources.

To determine that the coverage level has become better, the eNB can make use of existing measurements or measurement reporting schemes to determine that the coverage state of the UE has become better.  However, it is not clear whether the existing framework would allow the eNB to determine the change of level in a timely manner.  Receiving a timely notification by the UE can be used by eNB to better provision the available resources.   Provided that a new trigger is defined and deemed important for the first case (e.g. the coverage level becomes worse), for simplicity, the same mechanism should be defined for both cases.  

It should be noted that the overhead of the random access procedures should be minimal as the CE UEs are considered to generally be low mobility and not expected to change states frequently.

The conditions or criteria to determine a coverage level change should be left to RAN1 and should be closely related to the RAN4 response with regards to RSRP measurements.

Proposal 6 A mechanism to notify the network of change of coverage state or level should be introduced in RAN2

Proposal 7 The UE triggers a Random Access procedure when a change of coverage level is detected.  FFS on the exact triggering criteria.  

3 Conclusion

Proposal 8 RAR contents could be optimized for MTC UE

Proposal 9 The repetition level to be used for msg3 should be included in the UL grant in the RAR.  

Proposal 10 The repetition level of msg.4 is provided in the SIBs and is associated to a PRACH CE level
Proposal 11 RA-RNTI is determined based on the first subframe of the PRACH repetition window and a different RA-RNTI is used for each CE level

Proposal 12 An offset which compensates the repetitions of PRACH preamble is used for initial PRACH transmission power.

Proposal 13 A mechanism to notify the network of change of coverage state or level should be introduced in RAN2

Proposal 14 The UE triggers a Random Access procedure when a change of coverage level is detected.  FFS on the exact triggering criteria.  
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